Abstract This study aims to evaluate the feasibility of a minimally invasive access-integrated protocol for aspiration or drainage of symptomatic uterine cysts. The design of the study is a prospective cohort study. The study setting is a tertiary care referral facility and university hospital. Twenty seven women with objective evidence of uterine cysts diagnosed by ultrasonography. The patients underwent transvaginal sonographic diagnosis of uterine cysts at different sites. Cyst aspiration was performed using interventional 2D ultrasonography, hysteroscopy and/or laparoscopy. Follow-up was performed for a maximum of 1 year to assess relief of symptoms and the recurrence rate. The main outcome measures of the study are success of aspiration tool, relief of symptoms, and persistence or recurrence rates. Cervical and corporeal uterine cysts were diagnosed in 19 and eight cases respectively. The mean size of the cervical cyst was 2.9±1.21 (1.8-3.7) cm, while that of the uterine cysts was 4.8±1.89 (3.4--6.1) cm. Improved health-related quality of life in the form of relief of deep dyspareunia and excessive vaginal discharge were reported in eight of 12 (66.6%) and 11/14 (78.5%) cases, respectively. Aspiration of symptomatic uterine cysts is technically feasible and achieves acceptable results. Uterine cysts may not be ignored as a potential cause of gynecologic symptoms, however, their precise pathogenesis and related co morbidities including impact on fertility should be substantiated by an adequately powered prospective randomized controlled study.
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Background
Intrauterine adhesions, submucous myoma, adenomyosis uterii or sometimes uterine septa are the most frequently diagnosed uterine abnormalities in gynecologic practice. Most of these abnormalities can be easily diagnosed utilizing conventional 2D transvaginal ultrasonography with or without saline infusion [1] . On the other hand, uterine cysts are rarely seen with no reported incidence in medical literature and usually accidentally detected by ultrasonography. Commonly, they are cervical due to retention of Nabothian cysts. However, they may be cystic degeneration of uterine leiomyoma, cystic adenomyosis (adenomyotic cysts), congenital uterine cysts such as mesonephric and paramesonephric cysts, hydrosalpinx densely adherent to the myometrium, and echinococcal cysts [2] . Various kinds of congenital cysts cannot be differentiated from cystic adenomatoid tumors [3] which are relatively rare benign neoplasms that usually arise in the genital tract [4] [5] [6] [7] . Intramyometrial abscess [8] or hydatid cyst [9] are other rare possibilities. Cervical cysts may be cysts of embryonic tissues, endometriotic, or endocervicotic cysts [10] . So far, there are no published studies on the imaging of uterine cysts, their impact on health-related quality of life or the optimal line of management of such cysts. This study aims to estimate the feasibility and efficacy of a minimally accessintegrated protocol for aspiration or drainage of symptomatizing sonographically diagnosed uterine cysts.
complaints and a transvaginal sonographic diagnosis of uterine cysts more than 2 cm in diameter at different sites.
Patients were counseled about participating in the study. A written informed consent was taken. Patients had the right to refuse to participate and/or withdraw from the study at any time without being denied their regular full clinical care. Personal information as well as data collected was subjected to confidentiality. The Institutional Review Board of the Assiut Faculty of Medicine approved this study.
Clinical work-up of the patients included entry history taking and thorough examination with stress on patients' complaints including type and duration of pelvic pain, coital-related pain, or abnormal vaginal discharge or backache. Infertile women were clearly informed that this study is not designed to help fertility. Patients with a clear potential cause of their complaints were excluded from this study, e.g., pelvic endometriosis, adenomyosis uteri, ovarian cysts, uterine fibroids, adnexal masses, pelvic inflammatory disease, or genital prolapsed. With the aid of transvaginal ultrasonography (TVS), uterine cysts appeared as a well defined hypoechogenic area not associated with uterine myomata or adenomyosis uterii. Uterine cysts more than 2 cm in diameter were included in this study. The relationship of the uterine cyst to the endometrial cavity or the cervical canal was meticulously defined. Comment on its size, fluid content, and borders were also reported. In case of suspicion, saline infusion sonohysterography (SIS) was performed in the same manner as previously described [1] . The couple was counseled for interventional 2D transvaginal sonographic aspiration of the cyst aiming at relief of the symptoms. Patients with corporeal cysts gave a written consent for laparoscopy in case of failed sonographic aspiration in the same operative setting. All procedures were done immediately postmenstrual. Under general anesthesia, TVS was performed. Sonographically guided aspiration of the cyst was done utilizing a 16-gauge aspiration needle principally designed for egg retrieval for assisted reproductive technique but used under higher pressure of the ordinary operating room suction unit at maximal power (−0.8 to −1 bar) since the cyst content is usually different from the watery follicular fluid. The needle was loaded into an adaptor fitted to the vaginal probe. The procedure was considered completed once the cyst is seen entirely collapsed. The fluid content was subjected to cytologic examination after proper fixation with 95% alcohol. Failed access or aspiration of the viscid thick fluid content of corporeal cysts despite increased pressure of the suction unit were indication for operative laparoscopy in the same setting guided by the preoperative sonographic localization. Using a fine monopolar microneedle, a small incision was made over the cyst followed by drainage of its contents. The edges of the incision were coagulated with spray coagulation. The cyst content was aspirated for cytologic examination. On the other hand, if a part of the corporeal or cervical cyst is seen bulging into the endometrial or endocervical cavity respectively, a decision of hysteroscopic drainage was made. If an endocervical cyst was diagnosed, a sharp microscissors loaded into the side channel of the 7-mm operative hysteroscopy was used to puncture the cyst. If not accessible, a hook electrode of At the end of the operation in all cases, a broad spectrum antibiotic was prescribed and the patient was discharged few hours postoperatively. One month later, all patients were examined with TVS to comment on the site of the cyst and any evidence of recollection.
Follow-up of all cases was continued for 1 year to assess for the improvement of deep dyspareunia, abnormal vaginal discharge, or other symptoms. Data were collected and analyzed with SPSS version 11 (SPSS, Inc., Chicago, IL, USA) and expressed as mean±standard deviation (SD). Statistical methods were applied including descriptive statistics (frequency, percentage, mean, and SD) and tests of significance (X 2 and Fisher exact tests for categorical variables and Student t test and Mann-Whitney tests for continuous variables). A p value≤0.05 was considered statistically significant.
Findings
This study comprised 27 women with sonographic diagnosis of uterine cysts. Their basic data are demonstrated in Table 1 . Cervical uterine cysts (Fig. 1) were diagnosed in 19 cases, while corporeal cysts (Fig. 2) were diagnosed in eight cases. The mean size of the cervical cyst was 2.3± 0.9 cm, while that of the uterine cysts was 3.6±1.2 cm. Details of transvaginal aspiration are demonstrated in Table 2 . Failed sonographic access or aspiration of the corporeal cysts (two cases) was managed laparoscopically guided by the previous sonographic localization without complications ( Fig. 3 and Table 3 ). Hysteroscopic approach was tried in 16 cases with cervical and one case with corporeal cysts (Table 3 ). Cytologic evaluation of the cyst aspirate revealed no malignant cells in all cases. On followup, patients reported subjective improvement of healthrelated quality of life in the form of relief of deep dyspareunia and abnormal vaginal discharge in eight of 12 (66.6%) and 11/14 (78.5%) cases, respectively; this difference was statistically significant (Table 4) . We did not report cyst reformation in any case on follow-up for 1 year.
Discussion
Despite being not infrequently sonographically diagnosed, uterine cysts are frequently ignored as a potential cause of gynecologic symptoms. Others may miss the diagnosis of uterine cysts particularly cervical or fundal due to lack of orientation or awareness with uterine cyst(s). The most frequently seen uterine cysts are cervical cysts. A lot of gynecologists diagnose cervical cysts but consider them insignificant follicular cervicitis. Posterior cervical cysts can be easily mistaken with follicles in the Douglas pouch during sonographic folliculometry. Many case reports on rare types of uterine cysts were published [11] . Cystic adenomyosis is a rare form of adenomyosis of the uterine myometrium that has been described in adolescents and adults [12] . There are some reports on primary echinococcal cysts of the uterus [13] . Commonly, non-fibroid swellings are erroneously diagnosed as adnexal enlargements and their true origin only becomes evident during surgery [14] . Others reported a case of florid cystic endosalpingiosis in the subserosa of the uterine fundus which was clinically considered to be an ovarian tumor [11] . In this study, all cases of uterine cysts were easily diagnosed utilizing conventional high resolution 2D ultrasonography with clear demarcation from adnexa masses. Moreover, the use of SIS in doubtful cases would help detect uterine cysts after proper delineation of the external uterine surface by excessive fluid in the pouch of Douglas. By this way, MRI requested for such an indication [11] can be omitted. Some published human studies managed uterine cysts with hysterectomy [11, 14] . One case report on a complex uterine cyst demonstrated successful videohysteroscopic drainage utilizing electrocoagulation via a polypectomy snare guided by transrectal massage [15] . To the best of our knowledge, this study is the first publication in English and non-English literature that addresses the use transvaginal 2D sonographic aspiration of uterine cysts in humans. Over a 6-year period, only 29 cases were reported in one series [14] . Of these, eight corresponded to the diagnosis of a nonfibroid uterine cystic enlargement, and 21 to that of a fibroid with cystic degeneration. Histologic diagnosis showed a cystic adenomyoma in three, a congenital cyst in three, and a blind rudimentary uterine horn in two cases, respectively. In this study, just cyst aspiration was performed since these rare cysts are usually benign in nature. Moreover, cytologic examination of the aspirate in all cases in this study revealed no evidence of malignant cells. Nevertheless, cyst aspiration is not an optimal approach. Ideally, the cyst wall should be peeled off to ensure non-reformation of the cyst. Since some patients in this study were infertile, a minimally invasive procedure has been chosen and approved by the ethics committee. Moreover, many of these cysts were inaccessible for surgical removal particularly cervical retention cysts. Previously, we utilized a monopolar needle for blind puncture of these cervical cysts. However, we completely stopped this procedure due to reported cases of iatrogenic cervical atresia. Later on, we tried hysteroscopic opening of intramural cysts but unfortunately all these trials failed due to non-visualization of the cyst unless it protrudes into the cervical canal. Even after resectoscopic opening of the protruding cysts, cyst wall extraction was impossible and at the end it became just fenestration technique. In this study, hysteroscopic approach was restricted to any cyst bulging into the endocervical canal or the endometrial cavity where we achieved excellent results (11/16 and one of one cervical and corporeal cysts, respectively). This study opens the door for a new era of hysteroscopic access to the myometrial lesions. Nevertheless, unlike hysteroscopy, sonographic approach is easier, non-invasive, available, and effective. This study addresses a laparoscopic back-up approach for treating uterine cysts. It is a simple and effective method of drainage. Moreover, those infertile women would get much more benefit of laparoscopic evaluation of their pelvis with concomitant management of any associated cause of infertility. Furthermore, we did not report cyst reformation in any case on follow-up for 1 year. This can be explained by the nature of these cysts which seems to be of embryonic origin lined by poorly developed glands in most of cases. The impact of these cysts on fertility as well as the patient's health-related quality of life is unknown. Proposed mechanisms of impaired fertility secondary to uterine cysts would include mechanical compression of the endocervical canal or the endometrial cavity, dysrhythmic uterine contractions that interfere with proper implantation, or chronic irritation and infection. Nevertheless, we excluded fertility and pregnancy rates following cyst aspiration or drainage among infertile cases to avoid dissociation of the message of this work.
The limitations of the study
Failure to obtain cyst wall for histopathologic examination to determine the cyst nature is a clear limitation of this study. Nevertheless, we omitted this step since most of the scanty publications on uterine cysts demonstrated benign nature. Moreover, trials of cyst wall extraction or even coagulation of the whole cyst would invite adhesions for those women with unexplained infertility. Failed aspiration in some cases due to viscid nature of the fluid is another real limitation. This problem can be overcome by utilizing a larger needle caliber in the subsequent trials. Failed hysteroscopic aspiration would be minimized if concomitant sonographic guidance is used. Limited number of cases is another clear limitation of this study. Further similar studies with sufficient sample size are needed. The material of this study is quite mixed with respect to site and management options.
It is concluded that uterine cyst aspiration or drainage following an integrated protocol utilizing ultrasonography, hysteroscopy and/or laparoscopy (Fig. 4) is feasible and achieves acceptable results. While it is good to point out that uterine cysts should not be ignored, the claim that their impact on fertility and health-related quality of life is not substantiated. A randomized prospective study of large sample size would be required.
